Cytochrome c oxidase activity in single muscle fibers: assay techniques and diagnostic applications.
Microphotometric enzyme assay was used to study cytochrome c oxidase activity in single human skeletal muscle fibers. The assay techniques combine the precise localization of enzyme activity provided by histochemical methodology with the precise quantitation of a sensitive assay system. Abnormalities of cytochrome c oxidase were investigated using microphotometric enzyme assay in 12 patients with Kearns-Sayre syndrome, chronic progressive external ophthalmoplegia, or Leigh's syndrome. Control values were obtained using muscle biopsy specimens from 20 juvenile and 18 adult subjects with no evidence of neuromuscular disease. In the patients with Leigh's syndrome due to cytochrome c oxidase deficiency, the abnormality was found to be expressed uniformly throughout the muscle fiber population. In contrast, patients with Kearns-Sayre syndrome or chronic progressive external ophthalmoplegia showed abnormal heterogeneity of cytochrome c oxidase activity. In many cases, extreme degrees of variability were seen, with fibers containing high activity adjacent to fibers with no detectable activity. Mitochondrial DNA analysis showed that most of the patients with Kearns-Sayre syndrome and chronic progressive external ophthalmoplegia had major rearrangements of mitochondrial DNA. It was concluded that the extreme variability of cytochrome c oxidase activity detected using microphotometric enzyme assay was an indicator of a probable abnormality of mitochondrial DNA. Conversely, cytochrome c oxidase defects in muscle which show a homogeneous distribution are more likely to be associated with defects of the nuclear genome.